INTRODUCTION
Genetic manipulation of yeast has been considerably simplified by the discovery that not only protoplasts but also intact cells can be transformed by plasmid DNA (It0 et al., 1983~). Pretreatment of yeast cells with alkali metal cations (It0 et al., 1983a (It0 et al., , 1984 or with thiol compounds (It0 et al., 1983b (It0 et al., , 1984 , or freezing and thawing of yeast cell suspensions (Klebe et al., 1983) makes the cells competent for transformation. Incubation of pretreated cells with PEG is essential for transformation with plasmid DNA. Treatment of intact cells with PEG alone may also enable some transformation to occur (Klebe et al., 1983; Yamakawa et al., 1985) .
It is not known how high-molecular-mass DNA enters the yeast cell. Transformation of protoplasts requires the same conditions as does protoplast fusion Harashima et al., 1984; Brzobohatjl & KovBC, 1985) and it can be envisaged that transforming DNA is entrapped between two fusing protoplasts and engulfed into the final fusion product. Such a process cannot operate in transformation of intact yeast cells which, unless haploid and of opposite mating type, fuse and mate only at very low frequencies. In addition, it is hard to imagine how transforming DNA, with a molecular mass of millions of daltons, can cross the cell wall of intact yeast cells, which has been reported to represent a barrier for substances of molecular mass >700 Da (Scherrer et al., 1974) . This paper describes pretreatments which make intact yeast cells competent for transformation. It shows that all such pretreatments modify the porosity of the cell wall.
METHODS
PEG 4000 was purchased from Lachema, 2-mercaptoethanol, pronase P, poly-L-lysine and SDS from Serva, proteinase K and Triton X-100 from Sigma, digitonin from Merck and trypsin from Difco. Plasmids YEp13 (Broach et al., 1979) or pBB29 (from B. Berse: see Brzobohati & KoviE, 1985) , both carrying the yeast LEU2 allele, and Saccharomyces cerevisiae GRF 18 (MATa his3-11 his3-15 leu2-3 leu2-113, from G . Dujardin) were used in transformation experiments. A variant of GRF 18 carrying killer RNAs was prepared by P. Sulo. 
R E S U L T S A N D DISCUSSION
Incubation of intact cells of the Leu-yeast strain GRF 18 with plasmid DNA carrying the LEU2 gene in the presence of PEG 4000 transformed some cells to prototrophy. This observation agrees with that of Yamakawa et al. (1985) . Various pretreatments affected the viability of the cells and, in some cases, increased the frequency of transformation ( Table 1 ). Under the conditions described in Table 1 , a small increase in the number of transformants was obtained with plasmid pBB29 upon preincubation with Li+ (the commonly used procedure for transforming intact yeast cells : Ito et al., 1983a) , but there was a considerable increase in the number of transformants after preincubation with proteolytic enzymes. Other plasmids and yeast strains behaved similarly (not shown). Poly-L-lysine and digitonin markedly lowered the viability of the cells and this resulted in a lower number of transformants than that obtained in the absence of pretreatment.
Preincubation of yeast cells with 2-mercaptoethanol has been reported to increase transformation efficiency, without affecting cell viability (Ito et al., 1983b (Ito et al., , 1984 . Some other thiol compounds were found to be lethal to cells and inefficient in transformation (Ito et al., 1984) . In our hands, 2-mercaptoethanol also reduced viability and, in turn, the number of transformants (Table 1) . However, the lethal effect could be largely prevented if the pretreated cells were diluted and spread in osmotically stabilized solutions. Pretreatment with 2-mercaptoethanol was then a very efficient procedure for transformation of intact yeast cells, the yield of transformants being comparable to that obtained in a standard transformation of protoplasts ( Table 2) .
Treatment of yeast cells with proteases or thiol compounds is known to modify a mannanprotein complex of the yeast cell wall (FarkaS, 1979; Kitamura, 1982; Zlotnik et al., 1984) . This complex seems to be responsible for imparting rigidity to the cell wall. It appeared possible that changes in the integrity of the complex may either create pores in the cell wall or affect its plasticity so that high-molecular-mass nucleic acids could penetrate it. Treatment of yeast cells with 2-mercaptoethanol, digitonin, Z-protease or high concentrations of salts has been reported to give rise to a more open structure of the cell wall mannoprotein (Zlotnik et al., 1984) . In order to assess the integrity of the cell wall the exit of endogenous nucleic acids from the cells was followed. The permeability barrier of the plasma membrane was destroyed by treating the cells with 0.01 % SDS or 1 % Triton X-100. Such treatment was found not to modify the wall but to cause lysis of naked yeast protoplasts (L. KovBE, E. Bohmerovi and 0. NeEas, unpublished). Permeability of the yeast cell wall to nucleic acids could be assessed by detecting killer L and M RNAs and tRNAs leaked from the cells into the medium (Fig. 1) . Neither 0.01 % SDS nor 1 % Triton X-100 alone induced leakage of RNAs, which were detected only after pretreatment with LiC1,2-mercaptoethanol, digitonin, pronase P, proteinase K or cycles of freezing and thawing. The last treatment has been shown previously to increase the efficiency of transformation of yeast cells (Klebe et al., 1983) . The effect of trypsin could not be tested as the preparation was contaminated with RNAase.
These results imply that all the pretreatments that enhance transformation of intact yeast cells act by rendering the cell wall permeable to nucleic acids. Digitonin also modified the cell wall, but simultaneously caused lysis of the plasma membrane so that cells lost viability and could not be transformed (Table 1) . Ca2+ ions, which were reported by Ito et al. (1984) to prevent Yeast transformation and cell wall porosity Table 1 . Eflect of various pretreatments upon viability and the eficiency of transformation Cells of strain GRF 18 (lo9 ml-I) were preincubated at 30 "C for 60 min in the solutions indicated, washed twice with TE (except for preincubation with LiCl, where washing was omitted) and a 100 p1 portion of each suspension was added to 10 pg plasmid pBB29. After incubation at 30 "C for 30 min, 100 pl 70% (w/v) PEG in water was added and mixed carefully. After further incubation at 30 "C for 60 min and then at 42 "C for 5 min each cell suspension was cooled to room temperature and washed twice with 1 ml water. Appropriate dilutions in water were spread on a complex medium to score for viability and on a selective synthetic medium to detect transformation. The transformation efficiency with the standard protoplast method was 1.6 x 104 transformants per 1Opg DNA. The results are representative of a series of similar experiments. Transformation was done as in Table 1 , except that plasmid YEpl3 (5 pg) was used and incubations after 2-mercaptoethanol treatment were carried out either in TE or in TES (TE osmotically stabilized with 1 M-sorbitol). Cells diluted in water or in 1 M-sorbitol were spread on selective media (see Table l ), or on selective media stabilized with 1 M-sorbitol. Alternatively, the cells were added to 10 ml of the stabilized medium containing 3% (w/v) agar at 45 "C and poured onto selective medium stabilized with 1 M-sorbitol. Cell viability was checked under the same conditions except that complete growth medium was used. The transformation efficiency with the standard protoplast method was 0.7-1 x lo5 transformants per 10 pg DNA. transformation of intact yeast cells, did not cause leakage of nucleic acids (Fig. 1) . As some transformation takes place without any pretreatment it must be assumed that a minute amount of nucleic acids can cross the wall, at least in the presence of PEG.
Conditions of pretreatment, incubation and plating
The crucial role of PEG in transformation remains unresolved. In keeping with its ability to induce membrane fusions, which seems to be important in transformation of yeast protoplasts Harashima et al., 1984; Brzobohaty & KovaE, 1985) , the following process can be envisaged. Molecules of nucleic acid that have crossed the wall would be trapped into small pits of the wrinkled plasma membrane and PEG would induce fusion of the opposing sides of the membrane in the pits, thus closing them. Any nucleic acid entrapped in the resulting vesicles would be taken into the cell. Such a process could be described as a form of induced
